Tissue strip taken from rat
In ovariectomized pregnant rats treated with progesterone, intrauterine pressure in late pregnancy is markedly higher than that in intact pregnant rats , and fetal injury occurs at the critical period when fetuses change from a spheroidal to a cylindrical shape . Since treatment with estrogen as well prevents the increase in intrauterine pressure and fetal injury, it has been suggested that estrogen may ensure sufficient plasticity of the uterus to allow for the increase in conceptus size at the critical period. Although stress relaxation which is closely related to uterine plasticity has already been examined in the human uterus (Conrad et al., 1966) , the effects of ovarian hormones on the physical properties of the uterus have not been studied. The present investigation was undertaken to examine the effect of ovarian hormones on stress relaxation in the uterus of ovariectomized pregnant rats. When the spontaneous contractions occurrea curing the determination, values at the baseline were used. Fig. 1 shows a typical experimental result during determination of stress relaxation. different conditions. At a peak stress of 10 g/mm2 the length (Lmax) of the uterine strips of some rats, especially of OVX-P rats, were less than the in situ length of 20mm. But when the uterine strips were pulled to 40 g/mm2, Lmax was over 20mm in all rats.
Results
The replacement of Tyrode's solution with Ca-free Tyrode's solution had no effect on stress relaxation, and the mean values for G(60) determined in the two different solutions were not significantly different in any rat group (groups 1-3 vs. groups 4-6). When Fig. 2 . Typical stress relaxation curves of uterine strips of intact pregnant (control), ovariectomized progesterone-treated (OXV-P) and ovariectomized proges terone+estradiol-treated(OVX-PE) rats.
The strips were elongated at the rate of 1.5 mm/min to the peak stress of 10g/mm2 in Tyrode's solution.
uterine strips were pulled to the peak stress of 40g/mm2 stress relaxation curves became flatter than the curves of strips pulled to 10 g/mm2, and mean values of G(60) of strips pulled to 40 g/mm2 were smaller than the values of strips pulled to 10 g/mm2 in all rat groups (groups 1-3 vs. groups7-9). When the elongation rate of the uterine strip was increased from 1.5mm/min to 6.0mm/min, the decline in stress became faster during the first several minutes, and the mean values for G(6) of the strips pulled at these different rates were significantly different in any rat group. But the differences became smaller after 6min and no significant difference was observed at t=60 (groups 7-9 vs. groups 10-12).
In any experimental conditions examined, stress relaxation curves in OVX-P rats were always flatter than curves in OVX-PE and control rats (Fig.2) and mean values for G(60) in OVX-P rats were significantly lower than in any other two rat groups (Table 1) . Curves in OVX-PE rats were similar to those in control rats and mean values for G(60) in both groups were not significantly different in any experiment except for the values determined in Ca-free Tyrode's solution. Harkness (1959, 1960) reported that an increase in the extensibility of the collagenous framework of the rat uterine cervix preceded parturition and a further increase was caused in vitro by applying trypsin and chymotrypsin which do not attack collagen. On the basis of these results, they have suggested that the increase in the extensibility of the rat uterine cervix may be a result of the slip of collagen fibrils, which is caused by hydrolysis of the cement substances between collagen fibrils (Harkness and Harkness, 1960) . Furthermore, according to Conrad et al. (1966) , glycerination or other treatments which enhance contractions of the uterine muscle did not change the stress relaxation in the human uterine muscle, but treatments with trypsin or pronase which affect connective tissue elements increased the rate of stress relaxation in the muscle. They concluded that stress relaxation in the uterine muscle depends on connective tissue elements but not primarily on muscular elements. In the present study, suppression of contractile elements by placing the uterine strip in Cafree Tyrode' s solution had no effect on stress relaxation in the muscle, and spontaneous contractions of the uterine muscle did not change the stress relaxation. These results also indicate that contractile elements in the uterine muscle have no effect on stress relaxation.
The stress relaxation in OVX-P rats was slower than that in intact pregnant rats in any elongation rate and peak stress, and G(60) in OVX-P rats was significantly smaller than that in intact pregnant rats. However, the treatment with estradiol as well restored stress relaxation to the level of intact pregnant rats. These results suggest that estrogen improves stress relaxation of the rat uterus in late pregnancy. The mechanism of the enhancing action of estrogen on stress relaxation is not clear. But estrogen increases the content and metabolic rate of glycosaminoglycans in the uterus (Sinohara and Sky-peck, 1964; Endo and Yosizawa, 1973; Takata and Terayama, 1977) , which are main structural elements of proteoglycan aggregate (Rosenberg et al., 1975) , and proteoglycan and collagen are main components in extracellular materials surrounding cells and closely associate each other in the extracellular matrix (Mathews, 1965) . Then the changes in the state of glycosaminoglycans due to estrogen may alter the physical properties of extracellular materials in the uterine tissue.
Since the material which exhibits stress relaxation is defined as having viscoelastic property, the present results suggest that estrogen together with progesterone may contribute to uterine adaptation to the rapid growth of fetuses during late pregnancy by improving the viscoelastic property of the uterine wall.
As progesterone generally decreases the excitability of the uterine muscle and makes it inactive, the tension of the uterine muscle may also decrease in OVX-P rats. But a marked increase in intrauterine pressure during late pregnancy in OVX-P rats, as has been reported previously , indicates that in OVX-P rats the increased tension of the connective tissue elements due to estrogen-insufficiency overcomes the dampening effect of progesterone on the muscular elements.
